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时延神经滤波器（time-delay neural filter），以及基于集成经验模态分解（Ensemble 




的信噪比都提高了 9 dB 以上。其中，时延神经滤波器和 EEMD 与 DFA 结合的
算法所得到的 SNR 都大于 20 dB，比小波匹配追踪算法好得多；而 EEMD 与 DFA
结合的算法得到的 SNR 的标准差比时延神经滤波器小得多，表明了 EEMD 与




















The knee is the largest and most complex but also one of the most vulnerable 
joints in the human body. The detection of a knee-joint pathology at an early stage is 
important, as it helps slow down the degenerative process and prevents osteoarthritis. 
Vibroarthrographic (VAG) signal is a complex and non-stationary signal which is 
recorded during the bending motion of a knee. The stage of artifact removal is an 
essential procedure prior to the computer-aided diagnostic analysis of knee joint 
pathology. 
 This paper introduces the wavelet matching pursuit algorithm and proposes a 
time-delay neural filter and a combination of ensemble empirical mode decomposition 
(EEMD) and detrended fluctuation analysis (detrended fluctuation analysis, DFA) for 
noise cancellation. All these three methods have good averaged performance for the 
artifact removal of VAG signals, because three methods made SNR improvements 
larger than 9 dB for both normal and pathological signals. Both of the time-delay 
neural filter and the combination of EEMD and DFA algorithms provided the SNR 
values reaching over 20 dB, much better than the wavelet matching pursuit 
decomposition. However, for either normal or pathological signals, the SNR standard 
deviation values of the combination of EEMD and DFA algorithms were much 
smaller than those of the time-delay neural filter. Such results indicated that the 
combination of EEMD and DFA algorithms achieved stable performance for most of 
the VAG signals than the time-delay neural filer, so that the combination of EEMD 
and DFA algorithms described in the present work could be better suited for the 
artifact removal task in VAG signal processing. 
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次骨关节炎。关节软骨损伤评估 常用的是 Outerbridge 分级（表 1.1 所示）[10]



















表 1.1. Outerbridge 分级标准[10] 
所损等级 主要症状 
0 级 健康关节软骨 
1 级 软化和肿胀的软骨 
2 级 软骨有早期的裂隙但没有达到软骨下骨，直径小于 0.5 英寸 
3 级 软骨裂隙达到软骨下骨，但没有暴露软骨下骨，直径大于 0.5 英
寸 













状的人口比例为，40-45 岁的患病比例为 19%，在 63-69 岁时增加到 27%，当年
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